Abstract. The present study aimed to investigate the effects of chitinase-3-like protein 1 (YKL-40) gene RNA interference on the biological behaviors and enhanced chemosensitivity of endometrial cancer (EC) HEC-1A cells. YKL-40 small interfering (si)RNA was transduced into EC HEC-1A cells using a lentivirus. The experiment was divided into three groups: The experimental group was transfected with YKL-40 siRNA (si-YKL-40); the mock-treatment group was transfected with transfection reagent only; and the blank control group was left untreated. A reverse transcription-quantitative polymerase chain reaction was performed to investigate the mRNA expression levels of YKL-40. The biological behaviors, including cell proliferation, migration, invasion and apoptosis, were detected by MTT and Transwell assays, and flow cytometry (FCM) analysis, respectively. The results of the present study demonstrated that the mRNA expression levels of YKL-40 were downregulated within HEC-1A cells upon transfection with si-YKL-40 (P<0.05). The proliferative, migratory and invasive abilities of HEC-1A cells were inhibited by si-YKL-40 (P<0.05). The mRNA expression levels of YKL-40 were upregulated within HEC-1A cells following treatment with cisplatin (P<0.05). FCM analysis revealed that the average cellular apoptosis rate increased following the inhibition of YKL-40 gene expression via siRNA (P<0.05). Therefore, the YKL-40 gene may be associated with the proliferative, migratory, invasive and anti-apoptotic ability of HEC-1A cells. YKL-40 downregulation may enhance the sensitivity of human EC HEC-1A cells to chemotherapy.
Introduction
Endometrial cancer (EC) is one of the most malignant forms of cancer of the female reproductive system. Chemotherapy combined with surgery and radiotherapy is the most important method of contemporary EC treatment. Previously, studies demonstrated that YKL-40 is one of the candidate biomarkers of EC; the YKL-40 gene may serve an important role in the proliferation (1), angiogenesis (2) , and anti-apoptosis (3) of cancer cells. However, the function of YKL-40 requires further investigation. A previous study (4) reported that the YKL-40 protein is highly expressed in a variety of tissues and in the serum of patients with EC, compared with patients with uterine myoma and healthy individuals.
In the present study, a unique small interfering (si)RNA sequence was used to prepare a recombinant lentivirus which was transduced into tumor cells and was effective in inhibiting the expression of the YKL-40 gene. MTT, migration, invasion and flow cytometry (FCM) assays were performed to identify the effects of si-YKL-40 on the proliferative, migratory and invasive abilities, and apoptotic rate, of EC HEC-1A cells. FCM analysis of the average cellular apoptotic rate following treatment with cisplatin, pre-and post-si-YKL-40 transduction, was used to understand the effects of si-YKL-40 on the sensitivity of EC HEC-1A cells to cisplatin-based chemotherapy. Additionally, further investigation is required to understand the underlying mechanism of EC chemoresistance. Combining YKL-40 siRNA with other chemotherapies may provide efficacious therapy for the treatment of cancer. Targeting the YLK-40 gene may control the occurrence of EC development in the future.
Materials and methods
Cell lines and cell culture. HEC-1A cells were obtained from the Affiliated Tumor Hospital of Guangxi Medical University (Nanning, China). The cells were maintained at 37˚C in a humidified incubator under 5% CO 2 and cultured in Dulbecco's modified Eagle's medium (DMEM)/F12 culture medium (GE Healthcare, Chicago, IL, USA) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin, and 100 µg/ml streptomycin. The cells were subcultured every 2 days. Cells in the logarithmic growth phase were used for the experiments.
YKL-40 siRNA sequences. A DNA oligomer specifically targeting the sequence of YKL-40 5'-GAC TCT CTT TCT GTC GGA-3' (si-YKL-40; Hanbio Biotechnology Co., Ltd., Shanghai, China) was selected and subcloned into a retroviral pSUPER-puro-vector (Hanbio Biotechnology Co., Ltd.). Subsequently, 293T retroviral packaging cells (American Type Culture Collection, Manassas, VA, USA) were transfected with the si-YKL-40-pSUPER puro-vector (1x10 8 /ml; Hanbio Biotechnology Co., Ltd.). After 48 h post-transfection, the supernatant which was centrifuged at 72,000 x g/min was harvested and filtered in 4˚C for 120 min through a 0.45 µm pore-size filter. All of the transfected reagents were purchased from Hanbio Biotechnology Co., Ltd.
Cell transfection and knockdown of YKL-40 within HEC-1A
cells. HEC-1A cells were divided into three groups: The experimental group was transfected with siRNA, the mock-treatment group was treated with transfection reagent only, and the blank control group was left untransfected. HEC-1A (5x10 4 cells) were transferred into 6-well plates, then transfected when cells reached 50% confluence. The results of a previous study (5) indicated that the optimal multiplicity of infection value was 20; therefore, this number was selected to transfect the cells (si-YKL-40; Hanbio Biotechnology Co., Ltd.). Cells were transfected with si-YKL-40 or nontargeting green fluorescence protein (GFP; Hanbio Biotechnology Co., Ltd.) in the presence of Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. The cells that were successfully transfected exhibited GFP. Following transfection, a lentivirus was used to transduce HEC-1A cells. Selection with 1 µg/ml puromycin was performed for 2 weeks following transduction; puromycin-resistant cells were used for subsequent experiments.
D e t e c t i o n o f Y K L -4 0 e x p re s s i o n b y re v e rs e transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted using TRIzol reagent (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), according to the manufacturer's protocol. The optical density (OD) 260/OD280 ratio for determining the purity of RNA was reported to be between 1.8-2.0. A total of 1 µg of RNA was reverse transcribed using the first cDNA strand (cDNA synthesis kit; Takara Bio, Inc., Otsu, Japan). RT-qPCR was performed using an ABI StepOne Plus (Applied Biosystems; Thermo Fisher Scientific, Inc.) system with SYBR Green PCR Master Mix (Takara Bio, Inc.). RT-qPCR reactions were performed according to the manufacturers' protocols. RT-qPCR assays were performed in triplicate, and the mean values were used to calculate mRNA expression. Gene expression was normalized to β-actin mRNA. The results were calculated and presented as 2 -∆∆Cq (6) . The primer sequences were as follows: YKL-40, 5'-ATC ACC AAG GAG CCA AAC ATC-3' (sense) and 5'-GGG GAA GTA GGA TAG GGG ACA-3' (antisense); β-actin, 5'-ACA CTG TGC CCA TCT ACG-3' (sense) and 5'-TGTCACGCACGATTTCC-3' (antisense). ) were seeded onto Costar Transwells (polycarbonate membrane, 24-well format, 0.8 mm pore size; Corning Incorporated, Corning, NY, USA) over the upper chamber coated with 60 µl Matrigel (1:7; BD Biosciences, San Jose, CA, USA) which was diluted with serum-free DMEM/F12. This was followed by the addition of 500 µl DMEM/F12 containing 10% FBS at the bottom. The cells were incubated for 48 h at 37˚C. The cells in the upper chamber were wiped with wet wipes, while the cells in the bottom were washed with PBS. Subsequently, the cells were fixed with 4% paraformaldehyde for 20 min at room temperature and stained with 0.1% crystal violet for 30 min at room temperature. Average cell numbers were calculated from five different fields (magnification, x20) in each sample by an light inverted microscope (CKX41SF; Olympus Corporation, Tokyo, Japan). In addition, cells required incubation for only 24 h in the cell migration assay. The experiments were repeated three times.
Effect of cisplatin on the expression of YKL-40 mRNA within
HEC-1A cells. HEC-1A cells which were not transduced with si-YKL-40 were divided into two groups constituting untreated cells (group A) and those treated with 25 mmol/l cisplatin for 48 h (group B). RT-qPCR analysis was performed to investigate the mRNA levels of YKL-40 within HEC-1A cells. The experiment was performed in accordance with the aforementioned protocols. The experiments were conducted in triplicate.
MTT assays and apoptotic assays. Apoptotic assays of the transduced HEC-1A cells treated with cisplatin were performed by detecting 7-actinomycin D (7AAD) and Annexin V-phycoerythrin (PE) in these cells. The cells were treated with 25 µmol/l cisplatin for 48 h. Cells treated with normal saline were used as the control. Cisplatin was purchased from Shandong Qilu King-Phar Pharmaceutical Co., Ltd. (Jinan, China). Preparation of the drug was performed according to the manufacturer's protocols; a concentration gradient of cisplatin (0, 50, 25, 12.5, 6.25, 3.125, and 100 µmol/l) was produced. The dosage of the cisplatin was administered according to the results of the MTT assay; as the proliferative ability of the experimental group cells was significantly inhibited compared with the blank control group cells and the mock-treatment group cells when treated with 25 µmol/l cisplatin. At this concentration, the chemosensitivity of HCE-1A cells to cisplatin was increased following silencing of the YKL-40 gene. The cells (1x10 6 /ml) were incubated with 7-AAD and PE-conjugated Annexin V (BD Biosciences) for 15 min at 37˚C, respectively, according to the manufacturer's protocol, and were analyzed by FCM (FACSCalibur and CellQuest software version 5.2.1; BD Biosciences).
Statistical analysis. Statistical analysis was performed using SPSS Statistics for Windows, version 17.0 (SPSS Inc., Chicago, USA). Data are presented as the mean ± standard deviation, and significance was determined by one-way analysis of variance (ANOVA) and two independent sample t-test. The Student-Newman-Keuls and Least Significant Difference analysis were used as post-hoc tests following ANOVA to determine the difference between specific groups. P<0.05 was considered to indicate a statistically significant difference.
Results

Detection of fluorescence in transfected cells. Treated cells
were observed under a microscope. HEC-1A cells that were successfully transfected with siRNA exhibited green fluorescence (Fig. 1) .
Interference effects of YKL-40 siRNA. Following lentivirus-mediated transduction, the RNA transcription levels of YKL-40 within HEC-1A cells were lower compared with in the blank control and mock-treatment groups (F=6.875; P= 0.015). No significant difference was observed between the blank control group and mock-treatment group (P<0.05; 
YKL-40 gene regulates the invasive ability of HEC-1A cells.
Matrigel invasion assays revealed that the invasive ability of HEC-1A cells within the experimental group was significantly inhibited; the invasion number (143±13) was lower compared with the blank control (227±18) and mock-treatment groups (238±26; F=33.476; P<0.05; Fig. 5 ). 
YKL-40 gene inhibits the apoptosis of HEC-1A cells following treatment with cisplatin.
YKL-40 inhibited the apoptosis of human EC cells treated with a cytotoxic drug. To investigate the possible biological effects of the YKL-40 gene on EC cells, YKL-40-transfected HEC-1A cells were generated for in vitro apoptosis assays. The HEC-1A cell apoptosis rate increased following the inhibition of YKL-40 expression (experimental group, 38.07±4.88; blank group, 13.3±1.01; mock group, 12.5±0.17), when treated with cisplatin for 48 h (Fig. 7) . 
Discussion
EC is now the most common gynecologic malignancy, which more commonly occurs in postmenopausal women. EC consists of a group of endometrial epithelial malignant tumors with a number of pathological types, including endometrial adenocarcinoma (7). Studies have revealed that the pathogenesis of EC is associated with numerous factors (8) . Clinical characterization of the type of disease is an essential step for correct diagnosis and treatment. However, the cause of EC requires further investigation. Type I EC develops in an environment of high levels of estrogen and frequently develops from endometrial hyperplasia, whereas type II cancer is not an estrogen-associated cancer, occurring predominantly in postmenopausal women. An excessive increase in estrogen may promote the accumulation of body fat, and obesity-associated proteins may promote the proliferation of endometrial carcinoma (9) .
YKL-40, additionally termed CHI3L1, is produced by a variety of cells (10), including macrophages, neutrophils, eosinophils, vascular smooth muscle cells, endothelial cells and cancer cells. Elevated levels of serum YKL-40 protein have been reported in a number of other types of cancer, including glioma (11) cholangiocarcinoma (12), colorectal cancer (13), non-small cell lung cancer (14) , renal cell cancer (15) and osteosarcoma (16) . YKL-40 may also be expressed within local inflammatory cells in inflamed tissues (17, 18) and it is considered to be a biomarker in inflammatory disease. The YKL-40 gene can regulate the extent of inflammation, and angiogenesis, and the process of inflammation resolution. In gynecologic malignant tumors, including ovarian cancer (19) and EC (20) , YKL-40 serum levels were observed to be higher compared with healthy individuals. One previous study has have demonstrated that plasma YKL-40 protein levels are elevated in patients with EC and are associated with disease severity and prognosis (4) . Previous studies also demonstrated that the expression of YKL-40 protein in EC tissue was associated with histology, stage and reduced survival time via immunohistochemistry (20, 21) . YKL-40 gene and protein expression levels in cancerous tissue may determine the concentration in the blood. The serum YKL-40 level as a biomarker may have values in the diagnosis and prognosis of cancer.
YKL-40 mRNA may serve an important role in the proliferation, angiogenesis, and anti-apoptosis of cancer cells. A previous study reported potential biological functions and mechanisms of the YKL-40 gene within cancer cells. For example, in cholangiocarcinoma cells, YKL-40 mRNA may promote cell proliferation and migration by regulating the RAC-α serine/threonine-protein kinase/extracellular signal-regulated kinase (ERK) pathway (12) . The YKL-40 protein has additionally been reported to promote tumor angiogenesis by inducing the ERK1/2 pathway (22) . Research has demonstrated that the YKL-40 protein regulates the release of inflammatory cytokines and the activation of the mitogen-activated protein kinase signaling pathway in colorectal carcinoma (23) . A research has revealed that YKL-40 mRNA may inhibit ovarian cancer cell apoptosis via the MCL-1 BCL2 family apoptosis regulator gene (6) . The YKL-40 protein may be induced by interleukin-8 and tumor necrosis factor-α in colitis, and it promotes the development of colitis to tumor by regulating the nuclear factor-κB pathway (24) . In addition, YKL-40 mRNA also promotes macrophage recruitment and angiogenesis in colorectal cancer (23) . A previous study reported that YKL-40 may regulate the sensitivity of a glioblastoma cell line to chemotherapy treatment via the signal transducer and activator of transcription 3 signaling pathway (25) . These previous findings indicate that YKL-40 mRNA may have a role in cancer cells as an inflammatory factor. However, further investigation into the underlying mechanism is required.
RNA interference is a powerful tool for gene silencing. In astrocytoma, YKL-40 has been reported to induce angiogenesis and metastasis (2) . In the present study, the expression of the YKL-40 gene within HEC-1A cells was significantly knocked down following transduction with a lentivirus. Additionally, YKL-40 gene activity was successfully inhibited by si-YKL-40; however, the same effect was not observed in the mock-treatment group. In cell proliferation assays, the proliferative ability of HEC-1A cells was inhibited by YKL-40 siRNA. In addition, the silencing of the YKL-40 gene within HEC-1A cells was associated with a reduction in the number of migrating and invading cells during the migration and Matrigel invasion assays. The number of migratory cells in the experimental group was significantly reduced compared with in the blank and the mock-treatment groups. These assays revealed that YKL-40 may control the migratory and invasive potential of HEC-1A cells.
Postoperative chemotherapy for residual tumor cells is an important and a primary treatment for advanced EC. At present, platinum drugs are widely used in a variety of first-line chemotherapy treatments; however, resistance to chemotherapy is a major limiting factor in the treatment of cancer, and EC is no exception. It is important to understand the underlying mechanism of EC chemotherapy drug resistance.
In the present study, the effects of cisplatin on the YKL-40 mRNA in human HEC-1A cells were investigated. The expression levels of YKL-40 mRNA within human HEC-1A cells were elevated following treatment with cisplatin for 48 h. The results were consistent with those of van Linde et al (26); an ELISA revealed that serum YKL-40 levels were increased following chemotherapy in glioblastoma. YKL-40 is associated with chemotherapy sensitivity in drug-resistant tumor cell lines, and a reduction in the expression of YKL-40 in these cancer cell lines may increase the sensitivity of tumor chemotherapy drugs (25) . However, a study of non-small cell lung cancer demonstrated that serum YKL-40 levels were downregulated following chemotherapy. Additionally, YKL-40 may be associated with the proliferation of EC and exerted an anti-apoptotic function when the HEC-1A cells were treated with chemotherapy drugs YKL-40 may serve an important role in the sensitivity to chemotherapy in certain cancer cells. In the present study, the effects of si-YKL-40 on the cisplatin sensitivity of EC HEC-1A cells 48 h post-treatment with cisplatin were determined via an MTT assay. The proliferative ability of the experimental group cells was significantly inhibited compared with the blank and mock-treatment groups when treated with 25 µmol/l cisplatin. This dosage of cisplatin was associated with the greatest sensitivity to chemotherapy exhibited by HEC-1A cells. FCM revealed that the average cellular apoptosis rate increased following the inhibition of YKL-40 gene expression within EC HEC-1A cells under the same cisplatin concentration (25 µmol/l). The proportion of apoptotic cells was significantly increased within the blank and mock-treatment groups compared with the experimental group. These assays demonstrated the association between the YKL-40 gene and cisplatin-based chemotherapy in HEC-1A cells. The YKL-40 gene may increase the sensitivity of cisplatin-based chemotherapy, while undertaking a mechanism of EC chemoresistance. Research into ovarian cancer has demonstrated that YKL-40 may act as an evaluation index to aid the prognosis of cancer chemotherapy (27) . Cell migration assays revealed that si-YKL-40 inhibited the HEC-1A cell migration abilities, as well as chemoresistance in gliomas (28) . These findings provide support for the hypothesis that the YKL-40 gene may serve an important role in the chemoresistant, proliferative and apoptotic abilities of EC.
A wealth of tumorigenic evidence from human cancer and animal tumor models indicates that elevated levels of angiogenic factors in cancer tissue correlate with tumor angiogenesis. Studies have investigated the inhibitory effects of YKL-40 gene on tumor growth and angiogenesis induced by YKL-40 siRNA (2) . Other studies have demonstrated that the migratory and invasive abilities of ovarian cancer cells were inhibited by the silencing of YKL-40 gene, whereas YKL-40 overexpression may be associated with angiogenesis (6) . In other malignancies (29) (30) (31) , the proliferative, migratory and invasive abilities of cancer cells were inhibited by si-YKL-40 in vitro; tumor formation in the experimental group was reduced compared with the controlled group in vivo (2) . In the present study, si-YKL-40 increased the sensitivity to cisplatin-based chemotherapy in EC HEC-1A cells. Biological behaviors, including proliferative, migration, invasive and anti-apoptotic abilities of HEC-1A cells were inhibited by YKL-40 gene RNA interference. In addition, the overexpression of YKL-40 may induce the proliferative, migratory and invasive abilities of EC cells, as in other tumors. Further investigation into the effects of YLK-40 and the underlying mechanism are required.
In conclusion, the results of the present study indicated that the expression of YKL-40 was effectively suppressed by si-YKL-40, which was associated with the inhibition of the biological behaviors of HEC-1A cells. YKL-40 siRNA increased the sensitivity of cisplatin-based chemotherapy in HEC-1A cells. Combining YKL-40 siRNA with other postoperative chemotherapies may provide more efficacious therapies for patients with EC. The YKL-40 gene may serve as a molecular target for the diagnosis and treatment of EC in the future. However, further clinical trials are required to understand the effects of YLK-40 in the management of EC.
